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Abstract. A systematic structure of particle interactions is predicted within and
beyond the standard model. The proof is performed either on the basis of (A) a
generalisable form of general relativity or, equivalently, (B) minimum information
quantum gravity. The emerging structure comprises several chains of interaction
generations, one generation being partly realised by the electroweak and the strong
interaction. Further interactions have not yet been observed but could be observable
in high energy particle collision experiments in the future.
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1. Introduction
This article predicts new interactions on the basis of general relativity (GR) and local
invariance under phase transformations of the matter fields. Using systematic 3-fold
space-time isometries is necessary and sufficient to predict the multiplicity of fields of the
standard model (SM) plus higher level interactions and fields. From this point of view,
the stringent and exhaustive coverage and extension of the SM is particularly impressive.
Such new physics at collision energies below the 1 TeV scale would correspond to the
expectations within the perturbative framework [1]. Alternatively, the proof can be
based on minimum information quantum gravity (MIQG) [2][3][4][5][6].
MIQG was developed in order to circumvent many problems [7][8] of conventional
attempts to quantise gravity and the ambiguity of the quantisation method (as for
example precanonical [9][10][11] versus canonical quantisation [12]). MIQG generalises
gravitational thermodynamics from [13][14] to ordinary space-time which is assumed to
be fundamentally related to statistical mechanics [15]. Unlike other theories of emergent
space-time and gravity [16], MIQG is based on very few assumptions (quantum statistics,
macroscopic space-time and minimum input degrees of freedom).
2. Gravitational action and symmetries
Consider a space-time region M with a neighbourhood in approximate thermal
equilibrium [5], boundary ∂M = ∪kmaxk=1 Σk∪T , its space-like part(s) Σk and time-like part
T being piecewise smooth and every piece normal to each other. Then, the gravitational
Einstein-Hilbert action has the boundary variation term [19][20][21][22]
δS
∣∣∣
∂M
=
∑
A=Σk ,T
∫
A
d3x
√
|γ| eIi δτ iAI , (1)
with indices I (Minkowski) and i (Lorentz) referring to the projections onto the local
subspaces associated to Σk and T , γij denotes the intrinsic 3d-metrics with determinant
γ and τ iAI = (2/
√
|γ|)(δS/δγij)ejI [19][20][22][3, 4].
We can identify several approximate symmetries of M and evaluate the constants of
motion on ∂M, by using the ADM-decomposition [19][20][22] of (1) [5]:
δS
∣∣∣
T
=
∫
T
d3x[Nδ(
√
σǫ)−N iδ(√σji) +N
√
σsiIδe
I
i ], (2)
with generalised lapse N , shift N i, surface energy density ǫ, surface momentum density
ji, and stress vector s
i
I . We choose Σ such that the translation or angular translation
or ”Lorentz rapidity” isometry vectors are contained everywhere within the subspaces
associated to ∂Σ and T , use iT−1 = ∮ iNdt (if one coordinate is t) and define integral
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quantities as in [2][5]. This yields an expression analogous to the vacuum black hole
first law of [22],
δU ≈ T δS + ωm δJm − PmM δVMm , (3)
with constants of motion Jm, coordinate index m and Minkowski index M .
In the local Minkowski frame, the cartesian xµ translation isometry generates 3+1
conserved momenta JTµ = Pµ, we call them the T -cluster (Σ is a quasi-cube).
Then, we transform the space-like coordinates with indices i 6= j 6= k to cylindric
coordinates, (xi, xj) → (ρ, ϕ). The ϕ-isometry provides one conserved angular
momentum JR1 (Σ is a quasi-cylinder). Transforming to spherical coordinates,
(ρ, xk) → (r, ϑ) provides a second conserved angular momentum JR2 (Σ is a quasi-
sphere). We transform to 4d-sphere coordinates by transforming to ”boost coordinates”,
(t, r) → (z, χ), t = z coshχ, r = z sinhχ. The χ-isometry (proper Lorentz-invariance)
induces a third conserved momentum JR0, where τ iT I is now decomposed with respect
to z and (χ, ϕ, ϑ) while integrating over the 3d-quasi-hypersphere boundary ∂M. This
is the R-cluster with (2 + 1) momenta.
We also can start with ”boost coordinates”, (t, xi) → (u, χ). The conserved
momentum is the time evolved centre of mass which can be trivially set to zero
using the translation isometry. Repeating (u, xj) → (v, ψ) generates a new JL1, and
(v, xk) → (w, ξ) generates another JL2. Before the second ”boost” step, we can also
insert (xj , xk) → (ρ, ϕ) (cylindric). The subsequent ”boost” step (u, ρ) → (υ, ζ) yields
one last momentum JL0. Interconverting the first and second ”boost” steps yields the
same ξ, ζ and thus no further momentum can be found. This is the L-cluster with
(2 + 1) momenta.
Thus, we have a total of three clusters accounting for (3 + 1) and twice (2 + 1)
conserved momenta Jm. For negligible gravitational field, Pµ and JR1,2 coincide with
the ADM momentum and angular momentum [17][18]. (1, 3) also hold for non-vanishing
torsion and higher order curvature (GRTH) and agree with the expressions of MIQG
[2][3][4][5][6].
3. Extremization under constraints
As in (3), Jm = JT ,JR,JL are related to other quantities. For any Jm ≈
jm
∫
T
d3x
√
σ, we extremise S under constraints
ξAK(x
i; jm) = cAK(x
i), (4)
K = 1, . . . , dim(jm), with Lagrange multipliers λKA(xi):
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δS
∣∣∣
∂M
=
∑
A
∫
A
d3x
√
|γ|[eIi δτ iAI + δ(λKAξAK)] = 0, (5)
∑
A
∫
A
d3x
√
|γ| ξAK δλKA = 0. (6)
We can obtain a quadratic form by decomposing the expression λKA ξAK as follows
(suppressing the label A):
λK ξK = ψ
†
K α
µ ψK nµ = π
µ
K ψ
K nµ = πK ψ
K. (7)
The dagger in ψ†K reflects the undetermined format of ψ
K and αµ. As in [2][3][5], πK is
expressed by its flow πµK across A, while A has an associated subspace with unit normal
vector nµ, πµK = ψ
†
K α
µ, πµK nµ = πK. Insert (7) into (5), apply Gauss’ theorem, (6), the
procedure in [5] and obtain the (Legendre transformed) Jm-contribution δSm:
δSm|∂M =
∫
M
d4x
√−g [δj′KψK + (δπµK)∂µψK], (8)
Sm =
∫
M
d4x
√−g [j′KψK + ψ†Kαµ∂µψK]. (9)
with δj′K = ∇µδπµK. To linear order, the local Lorentzian structure makes ψK oscillatory,
suggesting complex notation.
First consider the JR1,2-sector. Imposing invariance on S under local phase
transformations ψK → UKL ψL = eiωI(x)τI
K
LψL (τ I spans the 3-dimensional Clifford
algebra) implies the SU(2) invariance of S. Proof of the SU(2) invariance from MIQG:
ψK changes the number of quanta inM. By construction, the choice of theK-component
is arbitrary. Thus, S is invariant under K-rotations of ψK and thus SU(2) invariant.
The JR0-sector provides one more constraint with one single field ψ0 and induces the
invariance of S under transformations ψK → UK0ψK = eiβ(x)Y KψK, to be imposed on the
ψK of the JR1,2- and JR0-sector. Thus, the R-cluster yields U(1)× SU(2) invariance.
Using the same procedure, the T -cluster yields U(1) × SU(3)-invariance, and the L-
cluster yields U(1) × SU(2)-invariance. Consider the JT i-sector (i = 1 . . . 3). Given
a point p ∈ T , we can choose the cartesian coordinates at p and the value i so that
jR1 = ρ jT i. This gives us three constraints ξAKT 1(x
i; jT ; jR) and three fields ψ
KT 1. We
can repeat this step for the second R-component, jR2 = r jT i, to obtain three more
constraints and thus three fields ψKT 2. Extending the procedure to include the jT0, jR0
and including the L-cluster as well leads to a total of (3 + 1) × (1 + 2) × (1 + 2) =
36 fermion fields ψKTKRKL. Altogether, these fields are subject to the symmetry
U(1)× SU(3)× U(1)× SU(2)× U(1)× SU(2).
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We now show that the Jm-sectors of each cluster describe spin 1/2 fields. In a local
Minkowski frame, consider the plane wave ansatz ψK = ψK0 e
ipνxν , where pµ does not
depend on xµ. Insert this ansatz and the factor δ(ψ†K ζ) = ∇µδπµK into (8) (~ = 1):
δSm|∂M =
∫
M
d4x [δ(ψ†K ζ) ψ
K + (δπµK) ipµψ
K]. (10)
After replacing ipµ → ∂µ and computing Sm [5], δS = 0 at fixed τ iAI yields
ψ†K ζ
′ − (∂µψ†K) αµ = ψ†K ζ ′ + ipµψ†K αµ = 0 (11)
with ζ ′ = ζ −∇µαµ. Solutions of δS = 0 also solve
ψ†K (ζ
′ + ipµ α
µ)(ζ ′ + ipν αν) = 0. (12)
The term quadratic in pµ yields ψ
†
K α
µ αν pµp
ν . We still are free to choose αµ so that
αµαµ = 2. Imposing pµp
µ = C leads to the anti-commutator relation {αµ, αν} = 2 δµν ,
as for the Dirac equation. ψK must therefore be spin 1/2 fields. The solutions also
imply C = (mK)2 for a field of particle mass mK in the MIQG interpretation, and we
can expand the general field ψK =
∫
d4p ψK(pµ) e
ipνxν accordingly.
4. Higher level contstraints
The transformation UKL = e
iωk(x)τ
kK
L for the ψK of each Jm-sector (with symmetry group
generators τk) yields a Noether-current density jkµ(1) = [δL/δ(∂µψK)]·(δψK/δωk) − jkµ(1)0.
We call this the level 1 Noether current density and write the level (1) in parentheses
in order to distinguish level 1 quantities from the corresponding above quantities (level
0). Again, jkµ(1) depends on other quantities, yielding additional constraint equations
ξ(1)K(1)i(x
j ; j(0)m; j
kµ
(1)) = c(1)K(1)i(x
j ; j(0)m), (13)
where K(1) and k have the same number nk of values, and writing
ξ(1)K(1)i = AK(1)k(x
j ; j(0)m)γˆ
µ
i γµνj
kν
(1) +BK(1)i(x
j ; j(0)m) (14)
(with projector γˆµi ) preserves the index i associated to the boundary. Introducing level
1 Lagrange multipliers λ
K(1)i
(1) (x
j) and using the same procedure as in the last section,
we obtain:
δS
∣∣∣
A
=
∫
A
d3x
√−γ [τ iI δeIi+δπ(0)KTKRKL ψKTKRKL(0) +δπ(1)CK(1)i ψ
CK(1)i
(1) ], (15)
where the sum over double cluster indices C = T,R, L is understood in the last term.
Again, S must be phase invariant. The transformations involving the index i or µ
are part of the space-time diffeomorphisms and already have induced the Jm. There
remains ψK
′µ
(1) → UˆK
′
L′ ψ
L′µ
(1) = e
iϑq(x)λqK
′
L′ψL
′µ
(1) , where λ
q are either the generators of SU(nk)
or U(1) (if we set λK
′
L′ = βL′δ
K′
L′ ), K′ = CK(1) and C is any cluster.
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We can restrict the spin value of ψCKµ(1) . To account for the flow of the field across the
boundary, we again set δπKµ = δπKµνn
ν (level and cluster index suppressed). We write
δπKµν as a normal to the space associated to A, using a 4d-vector product (asymmetric
in µ, ν). With ων = δπKµν ψ
Kµ, Gauss’ theorem and δπKµν = −δπKνµ, we have∫
∂M
ω =
∫
M
dω =
∫
M
d4x [(∇νπKµν) ψKµ + 1
2
πKµν F
Kµν ] (16)
with FKµν = ∇ν ψKµ −∇µ ψKν . The elements of FKµν have the same structure as the
electromagnetic field tensor and thus represent a field of integer spin.
The same procedure as for level 1 leads to the level 2 Noether currents and constraints,
and so on. This yields:
δS
∣∣∣
A
=
∫
A
d3x
√
|γ|(τ iIδeIi +
∑
l≥0
δπ(l){KTKRKL}[CK(l)i] ψ
{KTKRKL}[CK(l)i]
(l) ), (17)
where [x] means x for l > 0 (else void), and {x} means x for l = 0 (else void). Finally,
the total function Stotal is obtained with [3][4]:
Stotal =
∫
M
d4x
√−g (eIµeJνΦµνIJ + ωµIJΩµIJ
+
∑
l≥0
j′(l){KTKRKL}[CK(l)µ] ψ
{KTKRKL}[CK(l)µ]
(l)
+ [
1
2
]π(l){KTKRKL}[CK(l)µ]ν F
{KTKRKL}[CK(l)µ]ν
(l) ), (18)
where ωµIJ is the connection 1-form, Φ
µν
IJ is the generalised curvature 2-form, Ω
µIJ is
the gravitational variable conjugate to the connection 1-form, F
{KTKRKL}[CK(l)µ]ν
(l) is the
covariant derivative (antisymmetrised if l > 0) of ψ
{KTKRKL}[CK(l)µ]
(l) , j
′
(l){KTKRKL}[CK(l)µ]
is the generalised current density (the divergence of π(l){KTKRKL}[CK(l)µ]ν).
Increasing levels involve more and more Noether currents entering the ”first law”
(3), and the energy associated to the fields may increase accordingly. Therefore, the
expansion of levels should not have infinitely many levels, but stop before the Planck
energy is reached.
5. Identification and prediction of interactions
5.1. Level 0
The (3 + 1) × (1 + 2) × (1 + 2) = 36 spin 1/2 fields ψKTKRKL(0) have the same rank as
the formal Dirac functions of the standard model: (3 quark colours + 1 lepton)×(1 + 2
electroweak components: singlet plus doublet)×(3 flavours). The spinor structure arises
once δS = 0 is solved. The same U(1)× SU(2) and SU(3) invariances are found as for
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the electroweak and strong interaction mechanisms. These coincidences indicate that
the level 0 might have to be identified with the most elementary known fermions, and
one additional structure (U(1)× SU(2)) might explain the flavours.
5.2. Level 1
The boson fields ψ
CK(1)µ
(1) have the same rank and index structure as the set of electroweak
interaction potentials (Bµ,W µK) associated to the γ, the Z
0, W+ and W− bosons
(U(1) × SU(2)), the gluons (SU(3)), one more singlet coupling to leptons and quarks
(as does the Higgs-field), and a third family of 4 bosons (U(1) × SU(2)) (flavour?).
To lowest order, the level 1 bosons are exchanged between level 0 fermions, and non-
linearities may allow for couplings between the bosons. We find a good correspondence
with the standard model.
5.3. Higher level interactions
All other interactions predicted according to our expansion (18) have not yet been
observed. The particle collision energy might be required to be higher than for the
level 0 and 1 processes in order for the higher level particle resonances to be observed.
For example, consider ψ
CK(2)µ
(2) from the SU(3) symmetry of the electroweak sector
SU(2). These fields represent 8 bosons XK(2) exchanged between the bosons W ∗
(γ, Z0,W+,W−): W ∗ →W ∗′ +XK(2).
6. Conclusions
Starting either from well-established general relativity (with relaxed prescriptions on
the connections and on the expansion of the differential orders) or from MIQG (defined
by three assumptions), it has been shown that several chains of interactions (with new
particles) follow. These chains comprise all fields and interactions of the standard model
as well as additional structures of interactions. The proof is even more elegant if based
on MIQG rather than GRTH, as the assumption of phase invariance may be omitted.
It is hoped that the existence of some higher level interactions might be confirmed in
high energy collision experiments, via new particle resonances and the associated decay
channels.
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